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(54) FLYBACK-TYPE CONVERTER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a flyback-type 
converter which makes insignificant the magnitude of the 
leakage inductance of a transformer by suppressing loss 
caused by energy accumulated in the leakage inductance of 
the transformer to a minimum. 

SOLUTION: In a control circuit of this flyback-type 
converter, accumulated energy in the leakage inductance of 
the transformer during the on-time of a switching 
semiconductor device is charged temporarily in a voltage 
clamp means by the forward conduction of a charge storage 
diode in an off-time of the switching semiconductor device, a 
large amount of the energy accumulated in the voltage clamp means is discharged to a 
DC input power source through the leakage inductance of the transformer by the reverse 
conduction of the charge storage diode, and the switching semiconductor device is 
turned on after the charge storage diode is almost recovered reversely. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The switching semiconductor device which opens and closes the current path 
from direct-current input power to a load alternatively, The primary coil of the 
transformer connected to this switching semiconductor device at a serial, it connecting 
with said switching semiconductor device at juxtaposition, and with the long diode of the 
carrier life time by which series connection was carried out mutually, and an 
electrical-potential-difference clamp means to maintain the electrical potential 
difference of about 1 law It has the diode for rectification by which series connection is 
carried out to the secondary coil of said transformer. It is the flyback form converter 
which supplies a current to a load side through said diode for rectification when said 
switching semiconductor device is OFF. The energy with which said switching 
semiconductor device was stored in the leakage inductance of said transformer, and the 
inductance of wiring at the period of ON at the "off" period of said switching 
semiconductor device While once storing in an electrical-potential-difference clamp 
means by the forward direction flow of a charge storage diode Many of energy stored in 
said electrical-potential-difference clamp means is returned to said direct-current input 
power through the leakage inductance of said transformer, and the inductance of wiring 
by the hard flow flow of said charge storage diode. The flyback form converter 
characterized by having the control circuit which carries out the turn-on of said 
switching semiconductor device after said charge storage diode carries out reverse 
recovery mostly. 

[Claim 2] Said control circuit is a flyback form converter circuit characterized by carrying 
out the turn-on of said switching semiconductor device when the electrical potential 
difference of the both ends of said switching semiconductor device turns into zero or the 
minimum electrical potential difference mostly in claim 1 , or when the reverse current 
which flows to hard flow becomes zero mostly about said charge storage diode. 
[Claim 3] In claim 1 or claim 2 said control circuit The comparator circuit which produces 
the output signal reversed when the electrical potential difference and reference voltage 
of said switching semiconductor device are compared and the former becomes low rather 
than the latter, The delay circuit where only a setting time delay is delayed in said output 
signal of this comparator circuit, The pulse width control circuit which carries out the 
turn-on of said switching semiconductor device after progress of said setting time delay 
from the time of day when the electrical potential difference of said switching 
semiconductor device becomes lower than said reference voltage, The flyback form 
converter circuit characterized by having the error amplifying circuit which supplies the 
signal for off to said control circuit when a load electrical potential difference exceeds a 
programmed voltage. 

[Claim 4] It is the flyback form converter circuit characterized by carrying out the 
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turn-on of said switching semiconductor device after said charge storage diode is 
emitted by hard flow to 90% or more of the energy with which said control circuit was 
stored in said electrical-potential-difference clamp means in either claim 1 thru/or claim 
3. 



1 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the flyback form converter equipped with 
the circuit for protecting a switching semiconductor device from the surge voltage 
generated by change of the rapid electrical potential difference at the time of switching 
of a switching semiconductor device, or a current. 
[0002] 

[Description of the Prior Art] There is a thing of circuitry as shown in drawing 5 as a 
conventional typical flyback form converter. By this flyback form converter, series 
connection of a switching semiconductor device 3 like 1 order coil 2a and MOSFET of DC 
power supply 1 and a transformer 2 is carried out. And the diode 9 for rectification, the 
capacitor 1 0 for smooth, and the load 1 1 are connected to the secondary coil 2b side of 
a transformer 2. While juxtaposition is equipped with a capacitor 7 in the both ends of the 
switching semiconductor device 3, diode 8 is connected to reverse juxtaposition and the 
snubber circuit which consists of resistance 22 by which the series connection was 
carried out further, and a capacitor 23 is also connected to juxtaposition. In addition, 1 3' 
is a control circuit which controls the switching semiconductor device 3 so that output 
voltage becomes fixed. 

[0003] Like the usual flyback form converter, when the switching semiconductor device 3 
is ON, a current flows through primary coil 2a of a transformer 2 from DC power supply 1 , 
and energy is accumulated in a transformer 2. And if the switching semiconductor device 
3 becomes off, the energy accumulated in the transformer 2 will be supplied to a load 1 1 
through the diode 9 for rectification, and the capacitor 1 0 for smooth. When the switching 
semiconductor device 3 carries out a turn-off with the signal from control circuit 13', the 
energy stored in the leakage inductance of a transformer 2 or the inductance of wiring is 
consumed in the snubber circuit which consists of resistance 22 and a capacitor 23. 
Therefore, a spike electrical potential difference did not occur but it has prevented 
impressing the electrical potential difference which is not desirable to the switching 
semiconductor device 3. 
[0004] 

[Problem(s) to be Solved by the Invention] Therefore, although an unnecessary 
overvoltage is not impressed by work of a snubber circuit in the conventional flyback 
form converter circuit at the time of the turn-off of a switching semiconductor device, 
since the leakage inductance of a transformer 2 and the inductance savings **** energy 
of wiring are consumed in a snubber circuit, it is important for them to make the leakage 
inductance of a transformer 2 small, for raising power efficiency. However, since the 
structure of a transformer 2 must become complicated for making it close coupling and it 
must manufacture with high precision although primary coil 2a of a transformer 2 and 
secondary coil 2b must be made into close coupling in order to make the leakage 
inductance of a transformer 2 small, there is a problem that the cost of a transformer 
cannot but become quite high. It is impossible to also disregard the power loss by 
consumption of the energy stored in the inductance of wiring with RF-izing of a switching 
frequency further again. This invention aims at offering the flyback form converter circuit 
which can reduce power loss, without increasing passive circuit elements. 
[0005] 
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[Means for Solving the Problem] In order to solve the above problems, in invention of 
claim 1 The switching semiconductor device which opens and closes the current path 
from direct-current input power to a load alternatively, The primary coil of the 
transformer connected to this switching semiconductor device at a serial, it connecting 
with said switching semiconductor device at juxtaposition, and with the long diode of the 
carrier life time by which series connection was carried out mutually, and an 
electrical-potential-difference clamp means to maintain the electrical potential 
difference of about 1 law It has the diode for rectification by which series connection is 
carried out to the secondary coil of said transformer. It is the flyback form converter 
which supplies a current to a load side through said diode for rectification when said 
switching semiconductor device is OFF. The energy with which said switching 
semiconductor device was stored in the leakage inductance of said transformer, and the 
inductance of wiring at the period of ON at the "off" period of said switching 
semiconductor device While once storing in an electrical-potential-difference clamp 
means by the forward direction flow of a charge storage diode Many of energy stored in 
said electrical-potential-difference clamp means is returned to said direct-current input 
power through the leakage inductance of said transformer, and the inductance of wiring 
by the hard flow flow of said charge storage diode. After said charge storage diode 
carries out reverse recovery mostly, a flyback form converter equipped with the control 
circuit which carries out the turn-on of said switching semiconductor device is offered. 
[0006] In order to solve the above problems, in invention of claim 2, said control circuit 
offers the converter circuit which carries out the turn-on of said switching 
semiconductor device in claim 1 , when the electrical potential difference of the both ends 
of said switching semiconductor device turns into zero or the minimum electrical 
potential difference mostly, or when the reverse current which flows to hard flow 
becomes zero mostly about said charge storage diode. 

[0007] In order to solve the above problems, in invention of claim 3 The comparator 
circuit which produces the output signal reversed when the electrical potential difference 
and reference voltage of said switching semiconductor device are compared and the 
former becomes low rather than the latter in claim 1 or claim 2, The delay circuit where 
only a setting time delay is delayed in said output signal of this comparator circuit, The 
control circuit which carries out the turn-on of said switching semiconductor device 
after the passage of time at the time of said setting delay from the time of day when the 
electrical potential difference of said switching semiconductor device becomes lower 
than said reference voltage. When a load electrical potential difference exceeds a 
programmed voltage, a converter circuit equipped with the output voltage error 
amplifying circuit which supplies the signal for off to said control circuit is offered. 
[0008] In order to solve the above problems, in invention of claim 4, said control circuit 
offers the converter circuit which carries out the turn-on of said switching 
semiconductor device in either claim 1 thru/or claim 3, after said charge storage diode is 
emitted by hard flow to 90% or more of the energy stored in said 
electrical-potential-difference clamp means. 
[0009] 

[The gestalt for inventing] This invention is a flyback form converter using the technique 
indicated by JP,9-149649,A etc. Especially this invention the energy stored in the 
leakage inductance of a transformer, or the inductance of wiring It once stores in a clamp 
means through the forward direction flow of a charge storage diode which has long 
carrier life time at the "off" period of a switching semiconductor device like MOSFET 
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compared with common diode. Much of the conserved energy is returned to 
direct-current input power through the hard flow flow of a charge storage diode, and 
after a charge storage diode carries out reverse recovery mostly, the flyback form 
converter equipped with the control circuit which makes a switching semiconductor 
device turn on is offered. 

[0010] The 1st example which starts this invention by drawing 1 thru/or drawing 3 is 
explained. This example is circuitry shown in drawing 1 , and the connection between 
each passive circuit elements is as illustration. In drawing 1 , the same notation as the 
notation referred to by drawing 5 shall show corresponding passive circuit elements. The 
charge storage diode 4 has the long carrier life time more than the switching period of the 
switching semiconductor device 3. The usual diode has carrier life time shorter enough 
than a switching period. The long diode of carrier life time essentially has a large charge 
accumulated dose by forward current compared with the usual short thing. Therefore, it 
has the property which carries out long duration maintenance of the hard flow flow, and if 
the recombination of a carrier is disregarded, when a charge equal to stored charge will 
be poured in from hard flow, the hard flow stopping-power force of the charge storage 
diode 4 is recovered, and gets blocked and carries out reverse recovery. In this converter 
circuit, each circuit constant is selected so that the charge storage diode 4 may carry 
out reverse recovery to the "off" period of the switching semiconductor device 3. 
[001 1] The electrical-potential-difference clamp means 5 may be a cell like a dry cell or 
a battery which presents a programmed voltage higher than the electrical potential 
difference Ei of the direct-current input power 1 , although the operation which clamps 
the electrical potential difference impressed to the both ends of the switching 
semiconductor device 3 is performed and a capacitor is generally used as a simple means. 
This example explains the electrical-potential-difference clamp means 5 as a capacitor 
henceforth. Except for the time of a light load, the electrical potential difference of the 
capacitor 5 for an electrical-potential-difference clamp is almost fixed, and is maintained 
by the electrical potential difference higher than the electrical potential difference Ei of 
the direct-current input power 1 . Therefore, in the usual actuation, although the energy 
stored in the leakage inductance of a transformer 2 or the non-illustrated wiring 
inductance is stored in the capacitor 5 for an electrical-potential-difference clamp 
through the charge storage diode 4 when the switching semiconductor device 3 carries 
out a turn-off, the electrical potential difference of the capacitor 5 hardly changes, but is 
almost fixed. That is, the capacitor 5 for an electrical-potential-difference clamp has 
such comparatively big capacitance. Moreover, it acts also as a reset circuit of a 
transformer and the electrical potential difference of the difference of the electrical 
potential difference of the capacitor 5 for an electrical-potential-difference clamp and 
the electrical potential difference of the direct-current input power 1 turns into a reset 
electrical potential difference of a transformer 2, and in the condition usual in the 
electrical potential difference of the capacitor 5 for an electrical-potential-difference 
clamp, the circuit design of the circuit which consists of a charge storage diode 4 and a 
capacitor 5 for an electrical-potential-difference clamp is carried out so that a 
transformer 2 may be reset certainly at the "off" period of the switching semiconductor 
device 3. 

[0012] The error amplifying circuit 12 is the usual thing which carries out pulse width 
control of the switching semiconductor device 3 so that the error signal of the detection 
electrical potential difference of a load electrical potential difference and the reference 
voltage set up beforehand may be given to the pulse width control circuit 13 and the 
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detection electrical potential difference of said load electrical potential difference may 
become equal to reference voltage in the pulse width control circuit 13. Resistance 14 
and 1 5 divides and detects the electrical potential difference of the direct-current input 
power 1, and the power-source detection electrical potential difference is used as 
reference voltage. Resistance 16 and 17 divides and detects the electrical potential 
difference of the switching semiconductor device 3. A comparator circuit 1 8 compares 
said reference voltage and electrical potential difference on which the switching 
semiconductor device 3 was detected, and generates the output signal reversed when 
the latter becomes small rather than the former. In a delay circuit 19, only the setup time 
delays the output signal of a comparator circuit 18 for 100 to 300ns preferably, for 
example for 50 to 500ns. For example, you make it preferably delayed for 1 00 to 300ns 
for 50 to 500ns. This time delay is time amount taken to fall to zero, after the electrical 
potential difference on which the switching semiconductor device 3 was detected by the 
below-mentioned resonance crosses said reference voltage, and null voltage switching of 
the switching semiconductor device 3 is attained by this delay. The above-mentioned 
resistance 14-17, a comparator circuit 18, and a delay circuit 19 can perform null voltage 
switching. In addition, 6 is strong resistance for discharge of resistance, and as for the 
capacitor 7 for resonance, and the diode 8 of antiparallel connection, it is substituted for 
the capacitance between source-drains, and body diode when the switching 
semiconductor device 3 is MOSFET. 

[0013] Next, typical actuation of this example is explained also with reference to the 
wave of each part of drawing 2 and drawing 3 . 
[0014] Period 1 (tKt<=t2) 

The period 1 from time of day t1 to time of day t2 is a period which the switching 
semiconductor device 3 turns on. Since this period has actuation the same as the 
conventional flyback converter circuit, explanation is omitted. 
[0015] Period 2 (t2<t<=t3) 

At time of day t2, while the switching semiconductor device 3 carries out a turn-off, the 
electrical potential difference between the both ends of the switching semiconductor 
device 3 goes abruptly up by resonance with the capacitor 5 for an 
electrical-potential-difference clamp, and the excitation inductance of a transformer 2. 
This period 2 is continued until the electrical potential difference of the switching 
semiconductor device 3 reaches the electrical potential difference of the direct-current 
input power 1. 
[0016] Period 3 (t3<t<=t4) 

At time of day t3, if the electrical potential difference of the switching semiconductor 
device 3 reaches the electrical potential difference of the direct-current input power 1, 
the diode 9 for rectification of the secondary of a transformer 2 will flow, power will be 
supplied to a load 1 1 , and, on the other hand, the capacitor 7 for resonance and the 
leakage inductance of a transformer 2 will start resonance. This period 3 continues till 
the time of day t4 when the electrical potential difference of the switching 
semiconductor device 3 reaches the electrical potential difference of the capacitor 5 for 
an electrical-potential-difference clamp. 
[0017] Period 4 (t4<t<=t5) 

At time of day t4, if the electrical potential difference of the switching semiconductor 
device 3 reaches the electrical potential difference of the capacitor 5 for an 
electrical-potential-difference clamp, the charge storage diode 4 will start a flow to the 
forward direction, and the capacitor 5 for an electrical-potential-difference clamp will be 
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poured for the energy stored in the leakage inductance of a transformer 2. Under the 
present circumstances, resonance with the capacitor 5 for an 
electrical-potential-difference clamp and the leakage inductance of a transformer 2 
takes place, and the electrical potential difference of the switching semiconductor device 
3 changes. Since the capacitor 5 for an electrical-potential-difference clamp has 
capacitance big enough compared with the capacitor 7 for resonance as stated above, it 
becomes the form which clamped the electrical potential difference of the switching 
semiconductor device 3, and it does not generate but a spike electrical potential 
difference turns into an electrical potential difference on which whether it is very gently 
small goes up. And if the energy stored in the leakage inductance of a transformer 2 
becomes zero at time of day t5, the forward direction flow of the charge storage diode 4 
will be ended. 
[0018] Period 5 (t5<t<=t6) 

If the energy stored in the leakage inductance of a transformer 2 becomes zero, the 
charge storage diode 4 begins a flow to hard flow, and it will flow to hard flow until the 
stored charge accumulated in the charge storage diode 4 by the current equivalent to the 
energy stored in the leakage inductance of a transformer 2 becomes zero. And if the 
stored charge accumulated in the charge storage diode 4 becomes zero, a hard flow 
inhibition property will be recovered and the hard flow flow of the charge storage diode 4 
will stop at time of day t6. In addition, resonance with the capacitor 5 for an 
electrical-potential-difference clamp and the leakage inductance of a transformer 2 is 
performed succeedingly at this period. A forward direction flow and hard flow flow of a 
period 4 and a period 5 of the charge storage diode 4 are important so that **** may 
show. [ in / at this invention / the "off" period of the switching semiconductor device 3 ] 
[0019] Period 6 (t6<t<=t7) 

If the hard flow flow of the charge storage diode 4 stops, that is, the reverse inhibition 
property is recovered at time of day t6, resonance with the capacitor 5 for an 
electrical-potential-difference clamp and the leakage inductance of a transformer 2 will 
change to resonance with a capacitor 7 and the leakage inductance of a transformer 2. 
According to these resonance phenomena, at time of day t7, if the electrical potential 
difference of the switching semiconductor device 3 reaches the electrical potential 
difference of the capacitor 5 for an electrical-potential-difference clamp again, the 
charge storage diode 4 will carry out a forward direction flow again, and resonance with 
the capacitor 5 for an electrical-potential-difference clamp, a capacitor 7, and the 
leakage inductance of a transformer 2 is performed. 
[0020] Period 7 (t7<t) 

Usually, as for the amplitude, in a period 4, a period 5, and a period 6, number cycle repeat 
******** becomes small gradually with reduction of resonance energy. The amplitude of 
resonance decreases this period, and it continues until the electrical potential difference 
of the switching semiconductor device 3 turns into an electrical potential difference 
equal to the sum of the primary side conversion electrical potential difference of output 
voltage, and the electrical potential difference of input DC power supply 1. And after that, 
the electrical potential difference of the switching semiconductor device 3 is clamped by 
the electrical potential difference equal to the sum of the primary side conversion 
electrical potential difference of output voltage, and the electrical potential difference of 
the direct-current input power 1, and the condition continues until the secondary coil 
current of a transformer 2 becomes zero. If the secondary coil current of a transformer 2 
becomes zero, since the diode 9 for rectification is un-flowing and the secondary coil 
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side of a transformer 2 is opened, the electrical potential difference of the switching 
semiconductor device 3 will vibrate by the excitation inductance of a transformer 2, and 
resonance of a capacitor 8. Since actuation in the meantime operates like the 
conventional flyback form converter, it omits explanation. Then, the actuation same in 
actuation of a period 1 as return and the above-mentioned is repeated. 
[0021] If what has carrier life time long enough as a charge storage diode 4 compared 
with the switching period of the switching semiconductor device 3 is selected as stated 
above, the power charged through the forward direction flow of the charge storage diode 
4 by the capacitor 5 for an electrical-potential-difference clamp as shown in drawing 4 
will discharge about 100%. For this reason, the energy stored in the "on" period of the 
switching semiconductor device 3 by the leakage inductance of a transformer 3 and the 
inductance of wiring is once charged through the forward direction flow of the charge 
storage diode 4 by the capacitor 5 for an electrical-potential-difference clamp at the 
"off" period of the switching semiconductor device 3, then the hard flow flow of the 
charge storage diode 4 starts, and the greater part of that energy can be returned to the 
direct-current input power 1 through a transformer 2. Therefore, since according to this 
invention that snubber loss is mostly made to zero even if the leakage inductance of a 
transformer 2 is large, it is not made the impossible structure which can make the 
leakage inductance of a transformer 2 small as much as possible like before, and the coil 
structure of a transformer 2 can be simplified. 

[0022] In this example, since a switching frequency is pulse width control which controls 
pulse width by immobilization, the conventional control circuit can be used and work of 
resistance 14-17, a comparator circuit 18, and a delay circuit 19 can perform null voltage 
switching. In the example shown in drawing 1 , in time of day t1, if the electrical potential 
difference of the switching semiconductor device 3 turns into below the electrical 
potential difference of the direct-current input power 1 as when the switching 
semiconductor device 3 carries out a turn-on shows to drawing 3 (A), as shown in this 
drawing (B), it will be reversed and the output signal of a comparator circuit 18 will be set 
to forward level. By the time it falls to zero mostly after the electrical potential difference 
of the switching semiconductor device 3 crosses the electrical potential difference of the 
direct-current input power 1 as shown in this drawing (B), a certain short time amount 
tau will be required. In order to carry out zero cross switching of the switching 
semiconductor device 3, as it is necessary to detect correctly the time of the electrical 
potential difference of the switching semiconductor device 3 becoming zero, therefore is 
shown in this drawing (C), a delay circuit 19 produces the output signal with which only 
time amount tau delayed the output signal of a comparator circuit 18. Here, an 
experiment to the time amount tau is 100 - 300ns preferably, for example for 50 to 500ns. 
[0023] On the other hand, the error amplifying circuit 12 generates the error 
magnification signal which amplifies the error of output voltage and reference voltage. 
And as shown in this drawing (D), when the saw-tooth wave signal generated in the pulse 
width control circuit 1 3 becomes equal to said error magnification signal at the turn-on 
time of the switching semiconductor device 3, i.e., the standup of the output signal of a 
delay circuit 19, as shown in this drawing (E), the pulse width control circuit 13 stops 
generating a pulse width control signal, and carries out the turn-off of the switching 
semiconductor device 3. The electrical potential difference of the switching 
semiconductor device 3 at this time is zero or the minimum value, and can reduce the 
switching loss of the switching semiconductor device 3 by null voltage switching. And 
when the charge storage diode 4 performs the both sides of a forward direction flow and 
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a hard flow flow and charges [ at the capacitor 5 for an electrical-potential-difference 
clamp ] the energy stored in the leakage inductance of a transformer 3, or the inductance 
of wiring once and returns the energy to direct-current input power continuously as 
mentioned above in the "off" period of the switching semiconductor device 3, a snubber 
function is performed, without almost producing loss. 

[0024] In addition, as a solid state switch component in the above example, when 
MOSFET is used, even if it uses the capacitance between source-drains of MOSFET, 
and body diode for instead of [ those ], the same effectiveness is acquired, without using 
the capacitor 6 for resonance, and diode 8 separately. 
[0025] 

[Effect of the Invention] As stated above, in this invention, with the charge storage diode 
and the clamp means of having long carrier life time compared with the SUITCHIGGU 
period of a switching semiconductor device Since many of energy stored in the leakage 
inductance of a transformer 2 or the inductance of wiring is recoverable to 
direct-current input power Since it is not necessary to make the leakage inductance of a 
transformer 2 small, therefore to make primary coil 2a of a transformer 2, and secondary 
coil 2b into close coupling, a quite cheap transformer can be used compared with the 
former, and it becomes advantageous in respect of cost. Moreover, since the power loss 
by the inductance of wiring does not increase even if it RF-izes a switching frequency in 
this invention, RF-izing is possible. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing one example of the flyback form converter concerning 
this invention. 

[Drawing 2] It is drawing showing the wave of each part for explaining said example. 
[Drawing 3] It is drawing showing the wave of each part for explaining said example. 
[Drawing 4] It is drawing showing the power recovery depending on the die length of the 
carrier life time of the 1 st diode. 

[Drawing 5] It is drawing showing the conventional flyback form converter. 
[Description of Notations] 

I .... Direct-current input power 

The transformer which has 2... .primary coil 2a and secondary coil 2b 

3 .... Switching semiconductor device 

4 .... Charge storage diode 

5 .... Electricahpotential-difference clamp means 

6 .... Resistance for discharge 

7 .... Capacitor 

8 .... Diode 

9 .... Diode for rectification 

10 .... Capacitor for smooth 

I I .... Load 

12 .... Error amplifying circuit 

1 3 .... Pulse width control circuit 

1 8 .... Comparator circuit 

19 .... Delay circuit 
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